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Abstract 
This paper summarizes the capabilities of geographical information system (GIS) in CO2 capture and geological 
storage (CCS). GIS is emerging as a useful tool for the spatio-temporal analysis, techno-economic feasibility and 
environmental assessment of CCS projects. A review on the recent case studies reveals the applicability of geo-
information technology to the screening and analysis of emission sources, transportation and storage possibilities of 
CO2. This paper presents a survey on the methodologies, techniques and tools for modeling of the CO2 emission 
form stationary sources, CCS-GIS database development, spatial source-sink matching, and economic assessment. 
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1. Introduction 
It is believed that the first law of geography was stated by Waldo Tobler [1] as: "Everything is related to 
everything else, but near things are more related than distant things". Assigning a location to the objects and 
understanding the relation between them are essential in the spatial analysis by using of geographic information 
system (GIS). The geographic location is a very important attribute of all CO2 capture and storage (CCS) projects as 
in such projects we are dealing with the geographically referenced data about the CO2 point sources and storage 
sinks. A GIS is the logical choice for a system to house the CO2 source and sink data, as it could visually display 
spatial relationships and perform queries and screening analyses with ease [2].  
A variety of definitions have been presented for GIS of which the one given by the Environmental Systems 
Research Institute (ESRI) is in more relevance with this study: GIS is a tool for analyzing and simulating 
environmental data and information, linking geographic information (where things are) with descriptive information 
(what things are) and creating new multi-layer environmental information [3]. For CCS projects, the principle 
geographic information as stated in this definition includes the spatial locations of CO2 emission sources and storage 
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sites while the main descriptive information includes the properties of emission source and the type of storage site as 
well as characteristics of it.  
GIS analysis is a significant component of CCS studies that aids in the collection, maintenance, storage, analysis, 
output, and display of geographically-referenced spatial data and information [4]. The GIS can provide visual 
representation of the data both on-screen and through the production of large and small scale images and printed 
maps [5]. It also offers a highly flexible, easily updateable database and display tool that facilitates the spatial 
analyses required to solve complex linking of CO2 sources with appropriate and cost-effective sinks [2].  
2. A review on case studies 
In recent years, some studies employed GIS technology for linking high-purity CO2 point sources to the storage 
reservoirs. Damen et al. [6] used a GIS to combine worldwide CO2 point sources and oil and coal fields to indentify 
worldwide early opportunities for CO2 sequestration. They could identify and rank 429 potential source-oil field and 
79 source-coal field combinations in GIS environment by using of a multi-criteria analysis (MCA), in which 
technical and socio-economic criteria are taken into account [6]. The assembling accumulated data on the United 
States' CO2 sources, geologic sequestration sites, terrestrial sequestration opportunities and CO2 transportation 
infrastructure in appropriate databases and geographic information systems (GIS) were among the initial objectives 
of The US Department of Energy (DOE)’s Regional Carbon Sequestration Partnerships program (RCSP) [7]. They 
provide a GIS database for each region which could be used in a decision support system to screen potential storage 
formations, identify transportation fairways, match sources and sinks, and assess risks, such as the location of faults 
and the distance to population centers [7].  
Essandoh-Yeddu and Gülen [8] designed a pipeline route between oil fields and CO2 sources in the Gulf Coast 
region of Texas by using of GIS data for enhanced oil recovery (EOR) and eventually for geologic sequestration. 
They estimated the cost of the proposed pipeline network to be between $2.4 and $3.4 billion.  The PICOREF 
project (Pilote pour l’Injection de CO2 dans les Réservoirs géologiques, En France, 2006-2008) employed GIS for 
combination of criteria in order to disqualify certain areas and on the other hand to identify potential sites and the 
most appropriate one(s) in the Paris Basin. It led to the determination of two potential areas, which have been then 
discriminated thanks to a site-qualification criterion [9]. The GeoCapacity project also is doing analysis by GIS for 
mapping of CO2 point sources, infrastructure and geological storage in 25 countries and comprises most European 
sedimentary basins suitable for geological storage of CO2 [5]. The METSTOR project which embodied a 
methodology into GIS to look for potentially interesting CO2 storage areas in France at the initial stage seems to be 
the first open online GIS that offers policy makers, businesses and the public at large an integrated access to that 
necessary information [10]. 
Van den Broek et al. [11] in their study on the feasibility of a CO2 trunkline from the Netherlands to the Utsira 
formation in the Norwegian part of the North Sea, used a Least-cost modeling with a MARKAL model in 
combination with ArcGIS to assess the cost-effectiveness of the trunkline as part of a Dutch greenhouse gas 
emission reduction strategy for the Dutch electricity sector and CO2 intensive industry. The results show that under 
the condition that a CO2 permit price increases from €25 per tCO2 in 2010 to €60 per tCO2 in 2030, and remains at 
this level up to 2050, CO2 emissions in the Netherlands could reduce with 67% in 2050 compared to 1990 [11]. 
Chen et al. [12] designed a source sink matching model using ArcGIS software to find the least-cost pathway and to 
estimate transport route and accounting for the additional costs of pipeline construction in order to build scenarios of 
CO2 capture and storage (CCS) in the Hebei province, China. They investigated a total number of 88 point sources 
amounting to 231.7 MtCO2/year of CO2 emission and 215 MtCO2 of potential storage capacity in the 25 selected 
hydrocarbon fields as well as 747 MtCO2 and 371 MtCO2 of estimated capacity for aquifer in cases of closed aquifer 
and open aquifer with single highly permeable horizon assumptions, respectively. Source sink matching results 
show that only 15–25% of the emissions estimated for the 88 sources can be sequestrated into the hydrocarbon fields 
and the aquifers if assuming sinks should be able to accommodate at least 15 years of the emissions of a given 
source [12].   
3. CO2 emission dispersion modeling with GIS 
In order to develop environmental-economic scenarios for the preliminary selection of appropriate CO2 point 
sources, and to model the CO2 dispersion on the surrounding environment before and after CCS implementation, 
GIS has the ability to be integrated with other numerical models to produce the dispersion maps of CO2 emissions in 
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the regional atmosphere. In addition it is possible to compare the standard atmospheric concentration of CO2 
emissions with the predicted and modeled dispersion in a given geographical coordinate. For the case of large point 
sources like as power plants, the diffusion of CO2 in the surrounding area's atmosphere could be modeled by 
providing a variety of technical data as inputs to a dispersion modeling software and importing the outputs of the 
software to the GIS. Those technical data could be the meteorological parameters of the study area as well as the 
estimated emission flue rate of the point source. After running the dispersion modeling software, the resulting digital 
data and dispersion map can be opened in a GIS environment. Thereafter, data could be edited and drawn again by 
using of the GIS features to achieve better visualized maps. Figure 1 illustrates the results of a case study in which 
the meteorological conditions and potential emissions were used to prepare a predictive dispersion model of CO2 
concentrations and to define the area under risk for a 50MW planned geothermal power plant in northwestern Iran. 
Although the main target of CCS is to capture CO2 from fossil fuel power plants, this case study is only for 
examining GIS capabilities for CO2 dispersion modelling.  For this case, the Industrial Source Complex Model 
ISC3View [13] was used as CO2 dispersion modeling tool. The pollution mapping section of the ISC3View program 
allows the user to perform CO2 dispersion calculations using a simple Gaussian Plume model to predict the level of 
concentrations downwind from the source. The output of the model is a color-coded map of the CO2 plume. The 
map indicates estimates of the plume length. To define the area under risk, the background concentration dispersion 
model and prediction calculated dispersion model of the study area were combined cell by cell in the raster format 
using GIS map calculation operator. 
 
 
Figure 1: Prediction dispersion model of CO2 from a 50 MW geothermal power plant 
 
4. GIS application for CO2 capture and storage  
A GIS is useful and essential tool for developing spatially distribution map of the emission point sources and 
storage sites. More than maps, GIS have the ability to present the data as charts and graphs or allow the user to 
export data to other applications. The emission point sources and storage reservoirs could be located in the land-
cover digital map of the area with assigning appropriate descriptive information of them to their specific locations. 
Any geological storage project involves three distinct components: (1) capture of the emitted CO2 from the point 
source, (2) transportation of the CO2 to the storage site (3) injection and storage of the CO2 in the geological 
reservoir [14]. Each one of those components could have several data layers in the GIS environment. These 
individual layers can be turned on and off and zoomed in or out to depending on what the user specifically wants to 
show or view; it also enables the user to perform extensive onscreen analysis on all the available data [5].  
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4.1. CCS-GIS database development  
The database is the heart of a GIS; data reside on tables that are dynamically linked to the maps on which they 
are displayed [2]. Developing database in GIS environment can provide a wide range of necessary information for 
the spatial analysis and effective interface with other systems and tools. The appropriate data should be accumulated 
in order to develop the database providing information on CO2 sources, potential storage sites, relevant 
infrastructure, and related factors. The interface of created database by supporting systems likes as a decision 
support system (DSS) could facilitate the screening of potential storage formations, identifying transportation 
fairways, matching sources and sinks, and assessing risks, such as the location of faults and the distance to 
population centers  [7]. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: The essential data groups for CCS-GIS database development 
4.2. Mapping of CO2 sources 
The first phase is to import all potential stationary sources into the GIS software of which the ArcGIS is 
predominant. ArcGIS is an integrated collection of GIS software products that provides a standards-based platform 
for spatial analysis, data management, and mapping [15]. After inputting the sources into software, a minimum 
amount of emission and a minimum years of emission period should be identified as the criteria for pre-selection of 
large emission sources (e.g. more than 100 kt CO2 per year for at least 15 years). It is important to have the specific 
emission factors for individual plants and fuel types because then the uncertainty of overall emissions will be much 
lower comparing to inventory with default emission factors [16]. The GIS database for CO2 sources contains 
information by plant type and name, location latitude and longitude co-ordinates, annual emissions and the emission 
concentrations [17]. The latitude/longitude co-ordinates allow the data to be used in any GIS, which will allow 
matching of emission sources with storage reservoirs to be undertaken [17]. The data on locations are used to cluster 
sources into “source regions” so that transport options from these regions can be determined [11]. The database may 
contain the data of main emission sources like as power plants, refineries, and major industrial sources. However 
fossil-fired electric power plants are the most abundant of the large point sources and represent one of the greatest 
opportunities for the capture and sequestration of significant quantities of carbon dioxide [2].  
4.3. Mapping of storage sites 
To determine where and how much CO2 can be stored "CO2 sinks GIS inventory" could be used. According to 
Van den Broek et al. [11] for each sink the following data is necessary to be collected:   
- Location; X and Y coordinates, which represent the centroids of the sinks 
- Type; aquifers, hydrocarbon reservoirs, unminable coal seams, etc. 
- On- or offshore; CO2 storage costs depend strongly on this parameter 
- Start year of injection; It is assumed that aquifers can be used right away. However, CO2 storage in the oil 
and gas fields can only start after the economic viable part of these reserves has been exploited. 
- Potential capacity of storage; there are different methodologies for capacity estimation according to sink 
type. 
- Depth, thickness; The drilling costs for the wells are calculated on basis of these parameters and an average 
cost per meter drilled 
CO2 sources
•Plant type
•Plant location
• Annual emission   
CO2 Transport
•Obstacle data
•Infrustracture
•Slopes
CO2 Storage
•Sink type
•Capacity
•Storage cost
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- Injectivity rate; determines how much Mt CO2 can be injected per well per year. 
4.4. Obstacles and infrastructure data layers 
The feasibility of various CCS projects along with the factors related to the characterization of sources and sinks, 
is dependent on the CO2 transport costs as well as socio-economic, legislation and environmental constraints. This 
requires building many additional data layers on the infrastructure, land cover and slopes. The Infrastructure and 
land use information are essential for analyzing the spatial relation between CO2 sources and the storage sites as 
well as cost estimations for CO2 transport. Construction costs of pipelines to connect sources to sinks are highly 
affected by the presence of obstacles in the passing route. The main obstacles include the populated areas, buildings, 
agricultural fields, wetlands, protected areas, rivers, railways, highways etc. The cost of building pipeline in the 
elevations and slopes is also higher than flat plains. To design an effective pipeline network and account for the 
obstacles in the projects, the locations and characteristics of these obstacles should be loaded into GIS database [17]. 
It is also important to understand the existing supply mechanism that supports the current CO2-EOR industry [2]. 
Moreover the information on the existing transportation infrastructure also should be considered because other than 
pipelines there are further options for transporting compressed liquefied CO2 from an industrial capture site to a 
geologic storage site, like as rail, highway, and ship [7]. However in the context of this study, the transportation 
option is considered to be pipeline. 
4.5. Developing the cost grid surface 
In order to calculate pipeline routes a cost surface should be constructed to represent the relative difficulty (and 
thus cost) of constructing a pipeline through various types of terrain [18]. Using the Raster calculator of ArcGIS, the 
grid of cost can be attained by adding different grids accounting for the location of the different obstacles [12]. It is 
possible to combine all obstacles and infrastructure data layers in a single cost surface layer and rasterize this layer 
into definite sized cells (e.g. 1km-1km cells). Table 1 shows a sample of assigning relative cost values for the 
construction of pipeline through the grid cells of cost surface. In case of no transportation obstacles contained within 
a given cell, the construction costs of a pipeline traversing the cell could assume to be “1” and from this base case, 
the relative cost value could be assigned to each obstacle in according to the difficulty of traversing the obstacle 
[19]. 
 
                                                Table 1: Relative cost factors of the obstacles [19] 
Construction condition Cost factor 
Base case 1 
Slope 
  10-20% 0.1 
  20-30% 0.4 
  >30% 0.8 
Protected area 
  Populated area 15 
  Wetland 15 
  National park 30 
  State park 15 
Crossing 
  Waterway crossing 10 
  Railroad crossing 3 
  highway crossing 3 
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5. GIS Tools for Spatial analysis and modeling 
The dominant GIS tools for developing the model of source-sink matching are ArcGIS spatial analyst tools of 
which one of effective ones is the Cost-Path tool. Cost-Path calculates the least-cost path from a source to a 
destination: the output is the least-cost pathway between each source and its cheapest sink to reach [12]. One or 
more of the weighted cost functions such as Cost Distance and Cost BackLink are generally required to run prior to 
running Cost-Path to create the input cost distance raster and the input cost backlink raster [20]. Cost Backlink 
defines the neighbour that is the next cell on the least accumulative Cost Path to the nearest source and Cost 
Distance calculates the least accumulative Cost Distance for each cell to the nearest source over a cost surface [12]. 
For utilizing these tools we need to input appropriate data to get the spatial analysis results as outputs of the system. 
The inputs are the grid of cost cells, the CO2 emission sources and the sinks database [12]. In Cost-Path analysis it is 
important to consider the potential of existing pipeline infrastructure as well, because it could reduce the final cost 
for new pipeline construction. For the full costing calculations, more commutative data on the capture, transport, and 
injection costs should be considered in the developing of GIS model. ArcGIS Model Builder provides an excellent 
framework for linking the spatial analyst tools and the essential inputted data for processing the spatial analysis and 
designing the cost effective CO2 transport route (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: ArcGIS model builder [12] 
 
5.1. Spatial cost effective source-sink matching 
In order to match potential sources of CO2 with potential sinks, in a process known as source-sink matching, CO2 
will have to be transported before it can be injected into the subsurface [21]. Source-sink matching by GIS includes 
assigning each source to its nearest sink based on the transportation cost value of the crossing cells as described 
before. It should be mentioned that although there is other options like as ship transport for the CO2 transport, 
however the spatial source-sink matching is mostly refer to the pipeline transportation. GIS method of matching 
sources and sinks considers optimal pipeline route selection and capacity constraints of individual sinks [21]. It is 
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possible to calculate the capital cost and maintenance cost of CO2 transporting as the cost-per-tone of CO2 
transported corresponding to each cell. However the transportation is not the only cost which counts for the source-
sink matching; the injection cost is also an important matter of consideration. For example in Figure 4 considering 
transportation cost alone, sources 10 and 11 find reservoir C as the cheapest option but if the cost of storage is 
included in the calculation, reservoir B emerges as the new least total system cost option [22]. Another important 
criterion rather than the transportation and injection costs is the injection capacity of potential sites. To estimate 
whether a site has the storage capacity to match the anticipated supply rate of CO2 from neighbouring sources, the 
ratio of risked storage capacity to volume of CO2 source for a specific period of years should be calculated [23]. The 
potential of existing pipeline infrastructure should be considered as well. The presence of existing infrastructure can 
be determined using a composite data layer which included the location of major pipelines [18].  
 
 
Figure 4: Source-sink matching considering both transportation and storage cost [22]. 
6. Conclusion 
This study attempts to demonstrate some applications of GIS for the dispersion modeling of CO2 from its point 
source into the atmosphere, the distribution of point sources over the regions and matching of point sources with 
potential sinks. GIS technology is being used widely as an effective tool with diversity of applications in various 
fields. Employing its capabilities for the challenge of CO2 mitigation specifically for the development of CCS is 
promising and encouraging for the further research works.  
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